The study presents a conceptual framework of a blended professional development program for teacher success in learning a subject matter and enhancing instructional practice. Twenty-nine middle school teachers (22 first-year and 7 continuing teachers) participated in a year-long, blended professional development (PD) program. Effects of the blended PD program were measured by analyzing the content of participants' virtual interactions; i.e., 1,149 online threaded discussion messages. The continuing teachers were more actively engaged in the online community of practice than the first-year teachers. The types of structured assignments and learning time influenced the level of participation but did not make a significant impact on the interaction content. Most virtual interactions involved sharing instructional ideas based on personal experiences. Results showed participants' teaching practices changed toward more student-centered lessons, encouraging verbal engagement, using various questioning strategies, and using collaborative group work while employing a wider variety of resources.
INTRODUCTION
There are an increasing number of online and blended professional development programs [1] . However, considering the growing number, the effectiveness of the professional development (PD) program, including systemic aids, PD tasks, and evaluation strategies, remain vague. This study aims to understand how to best support teachers learning through an online system in a blended PD program. This study is based on a year-long professional development program for middle school mathematics teachers. The purpose of the program was to maximize teacher learning in mathematics, improve instructional practice, and foster productive professional interactions among mathematics teachers. This paper was guided by the research question: how do blended professional learning opportunities impact the professional development of mathematics teachers?
II. CONCEPTUAL FRAMEWORK
The features of an effective blended professional development program can be designed to facilitate professional development for teachers. The PD program investigated provided a blended learning option that has the potential to increase sense of community [2] and professional learning.
Figure 1 depicts a conceptual framework for a professional development program involving contextualized practice and active construction of knowledge. Since Dewey, the social nature of all human learning and the role of communication skills and abilities in the human development process are the most often discussed concepts in higher education [3, 4] . Learning in communities of practice relies on successful communication between individuals, and learning occurs as interaction among practitioners takes place [4, 5] . As far as communities of practice are concerned, "there is no one on the stage who is the knowledge source, but all individuals have an equal right to share their experience, and their stories are valuable contributions to the community" [4, para. 3] .
It was recognized that a sense of community was critical for sustaining teachers' interests and that faceto-face meetings were vital in expanding and supporting professional learning communities. Participants in the program came from various backgrounds and diverse experiences, which made bonding a challenge. The assumption was that if teachers could form a community in supporting and learning from each other, then they would be more likely to succeed with their learning. Salmon [6] presents a five-stage model for online courses with roles for participants and instructor: 1. Access and Motivation 2. Socialization 3. Information Exchange 4. Knowledge Construction 5. Development Salmon's model served as a basis for designing a blended PD program for this study, for selecting the PD topics, and for organizing the sequence of the PD topics. While Salmon's model was designed for 100% online courses and general populations, the conceptual framework of this study is for a blended PD program for practicing teachers, and the five-stage model was modified:
1. Motivation and Socialization 2. Information Exchange 3. Knowledge Construction 4. Development 5. Contextualized Practice In a blended PD program, the Motivation and Socialization stage can be approached either face-to-face or virtually. If face-to-face contact is utilized, the first stage can be accomplished in a shorter amount of time but is as equally effective as virtual contact. During this stage, participants should gain information about the PD program/courses, get familiar with the PD system, learn the technology to be used for the online sessions, begin to establish a network with other participants and instructors, and become motivated to participate in the PD. Deep understanding or implementation of learning is not expected in the Motivation and Socialization stage. Instead, the PD instructors present course guidelines in the Information Exchange stage and personalize course activities while encouraging participants to exchange. In the Knowledge Construction and Development stages, participants collaborate to establish common understanding of mathematical concepts and instructional strategies taught in the PD and reflect on their learning. Rovai [7] found a "positive significant relationship between a sense of community and cognitive learning" (p. 328). Mere interaction among participants, however, does not guarantee meaningful cognitive engagement or facilitate meaningful learning and understanding. According to Walker and Chappell [8] , when we discuss student learning, our question should not be whether students can or cannot achieve mathematical skills but whether students will realize maximum success in mathematics. This view suggests an instructional approach that encourages students to communicate, problem solve, and engage in learning mathematics conceptually [9, 10] and should guide PD program activities. The participating teachers in this study were expected to "build knowledge through inquiry-based collaborative interaction with other teachers and become co-learners and act as facilitators" [11, p.4] . Professional development programs should provide opportunities for participating teachers to "learn mathematics around specific content and teaching situations that may arise in practice" [9, p. 56] , as well as provide opportunities for teachers to implement/practice their learning in their own classrooms, which is called the Contextualized Practice stage in the study. The key concerns, therefore, are ensuring peer exchange of ideas and information; the creation and assimilation of knowledge [12] ; and providing a climate of accelerated change in which participants access up-to-date knowledge and apply new skills in changing circumstances [13] . The community of practice should not simply be a forum for the exchange of information but should progress in response to the diverse needs of learners and the communities in which they work [14] .
III. PROFESSIONAL DEVELOPMENT PROGRAM OF THE STUDY
The professional development program of this study, Teaching Algebra in Context, Community, and Connections (TACCC), was designed to improve student mathematics knowledge and attitude by (1) increasing teacher content knowledge and (2) improving instructional skills to teach mathematics concepts in an environment rich in context, community, and connections. Figure 2 depicts the blended PD program of the study. The major activities of the project consisted of three components: face-to-face workshop courses, webbased learning sessions through virtual interactions, and classroom implementation. As Blank, de las Alas, and Smith [15] also reported, the PD developers also believe that high quality, inservice PD should include content focus, active learning by teachers, collective participation, coherence with curriculum/standards, and sufficient time. The assumption was that if teachers could form a community in supporting and learning from each other, then they would be more likely to succeed with their professional learning.
A. Face-to-face Workshops
The PD program of the study was a year-long program with three graduate-level workshop courses. Faceto-face meetings were held once a month over nine months. There were groups of 2-4 teachers from the same school district with a total of 29 participants. This number of participants provided teachers with opportunities to develop a support system and work collaboratively, even while their different backgrounds and diverse experiences made bonding a challenge. In order to facilitate the active learning of these teachers, face-to-face workshops were conducted through discussions, collaborative group work, hands-on activities, problem-solving opportunities, and presentations by participants. Project assignments included discussions of readings, reflection on workshop activities, solving mathematical problems using invented methods, and developing mathematical tasks and analyzing their solutions.
B. Web-based Learning through Virtual Interactions
Virtual interactions occurred between monthly face-to-face meetings using Desire2Learn. Asynchronous communication tools (e-mail and threaded discussion boards) were used not only to allow participants to contribute at their convenience, but also to give them time to implement and reflect on their learning and practice. The objective of online activities in the TACCC blending learning system was not to replace face-to-face instruction but to enhance the face-to-face learning experience. That is, the online activities/assignments aligned with the face-to-face workshop agenda and were scheduled to align with overall TACCC PD objectives. Participants had the opportunity to experience the first two stages of the modified Salmon model [6] (Motivation and Socialization as well as Information Exchange) before participating in online activities during the first face-to-face meeting and communicating via e-mail. Regarding the online activities, assignment 1 consisted of reading reflection and discussion and assignment 2 focused on discussion of videotaped best practices. Assignments 1 and 2 focused on the Knowledge Construction stage; assignments 3, 4, and 5 (implementing a discovery-based lesson) targeted the Development and Contextualized Practice stages. The five structured online assignments were given during the academic months. Teachers were required to post an initial message responding to the prompt for each online assignment. In addition, they were expected to participate in threaded discussions, providing comments on other teachers' messages-at least five per assignment. During the summer, they participated in face-to-face meetings for one week, and no online activities were given at that time.
C. Classroom Implementation
To make a difference in classrooms, PD programs must build in time for teachers to implement new practices between PD meetings either face-to-face or virtual. Effective practice is developed best through ongoing support of teachers in real classroom settings. Between monthly face-to-face workshop meetings in the study, participants were expected to implement ideas learned from the TACCC PD in their own classrooms. They were also encouraged to share ideas from the program with other teachers in their buildings and districts. In addition, a project instructor visited each participant's classroom and observed their teaching or co-taught one or two lessons with the participant. Each face-to-face meeting started by discussing and sharing the outcomes of the newly implemented instructional methods and student responses/learning. Participating teachers were also required to share their lesson plans and reflections with the rest of the PD participants during the online portion of the program.
IV. METHODOLOGY
Measuring the effectiveness of professional development for mathematics teachers has been undertaken with various foci. As discussed earlier in the conceptual framework section, teacher success can be achieved through continuous effort in constructing knowledge and implementing practice under the support of communities of practice. For the purpose of this study, the focus was on the teachers' construction of knowledge and learning processes, as observed in virtual interactions in the online community of practice.
A. Data Collection
Twenty-nine middle school teachers participated in TACCC. Twenty-two teachers were new TACCC participants, and seven teachers had participated in an earlier TACCC PD program. The TACCC PD courses were offered in three quarters. Since the first quarter was devoted to refreshing teachers' understanding of algebra concepts and to exploring the use of algebraic concepts across the grade levels in middle school, the study organizers assumed that the seven returning teachers received this instruction from their previous PD sessions. Therefore, the seven returning teachers joined the PD program in the summer quarter, after the first year teachers completed the first course. The second and third courses focused on both understanding of algebra concepts and teaching algebra in context, community, and connections. Between face-to-face workshop meetings, teachers posted messages in response to a given discussion prompt and communicated with each other using asynchronous online discussion posting. Assigned prompts/topics and total numbers of posted messages are summarized in 
B. Data Analysis
The discussion threads in each topic were used as the unit of data collection and analysis. All of the postings (1,149 messages) among the 29 participants were analyzed and coded using the criteria described in figure 3 . Three coders were trained and checked for inter-rater reliability at the end of training by using a sample set. Assignment 1 postings (237 messages) were coded by all three coders and checked for interrater reliability. For assignments 2, 3, 4, and 5, each coder was assigned a series of threads to code. The coders and researcher had regular meetings to discuss issues and questions. Figure 3 depicts the subcategories of each variable and the data analysis structure. The content analysis codes were founded on Gareis and Nussbaum-Beach [16] , Interstate New Teacher Assessment and Support Consortium [17] , and the Joint Committee on Standards for Educational Evaluation [18] . The codes were finalized after two initial analyses. Gareis and Nussbaum-Beach [16] used six categories: Acknowledgement, Guided Advice, Sharing Experience, Specific Questions/Seeking Specific Information, Explicit Issue/Problem, and Reflection/Professional Growth. In addition to these six categories, TACCC added three content analysis codes: simple agreement, instructional ideas, and students. In order to examine the influence of the PD course materials, the instructional ideas code was added to differentiate from the Sharing Experiences category. The students code was added because TACCC participants were classroom teachers, and issues/problems related to students also received attention from project participants. Table 2 provides sample messages for each code.
Codes
Sample messages Reflection "I should be more forth coming making sure they hold the spaghetti towards the end of the spaghetti and maybe they would have achieved better results." Sharing Experience "I did this activity with my Algebra class. I found this lesson through the Math Portal site. The lesson took two class periods, which are about 42 minutes in length." Issue/Problem "…but I always have a few kids who just write one or two words…" Question/ Suggestion "With all of the variables that prevented a linear graph, was it worth it or would you use a different route?"
Instructional Ideas "Geometry Made Simple (High School Edition), Frank Schaffer Publications-This is where I found the Logic 101 questions. www.printable-puzzles.com-This is where I found the logic puzzle. This is a great website with a lot of different types of puzzles (crosswords, sudoku, cryptograms, word searches, etc.)." Students "They always want to help so and so add to their answer-no one ever tells another student, 'No, you're wrong.'" Guided Advice "I covered my box with metallic Contact paper, which by the way is dry erase. I then used a piece of sparkle craft foam for the screen and white craft foam for the dial. Lastly, I used a pair of old school (large) headphones for the top. Easy and durable!" Simple Agreement "I agree that the number line is a great way to get the year started." Acknowledgement "I am interested in seeing this in action. It does sound like a good activity." 
V. RESULTS
This study investigated the learning process of middle school mathematics teachers by measuring their knowledge construction and learning implementation within their own classrooms and by analyzing project participants' virtual interactions. The findings were summarized in three sections: the level of participation in relation to the other variables, the content of interactions, and the relationship between discussion content and associated assignment topics. Figure 4 compares the level of participation in each assignment by calculating the average number of messages posted per assignment. The first-year teachers were more engaged in the Knowledge Construction stage assignments (assignments 1 and 2) than the Development and Contextualized Practice stage assignments (assignments 3, 4, and 5). Assignments 3, 4, and 5 required creation and implementation of discovery-based lessons as well as critique of peer teachers' work. The study could not directly compare first-year teachers' engagement to the engagement of continuing teachers for the first three assignments because the continuing teachers only joined the program in the summer after the first set of online assignments had been completed.
A. Level of Participation
For assignments 4 and 5, the level of engagement was much higher for the continuing teachers; they interacted with an average of 12.4 messages per assignment, while the first-year teachers posted an average of 8.9 messages per assignment. Every continuing teacher posted more than 8 messages for each assignment, while approximately 10 of the 22 first-year teachers posted more than 8 messages per assignment. Both groups exceeded the minimum requirement of five messages per assignment. The TACCC project team expected more frequent and active participation in the Development and Practice stage for assignments 3, 4, and 5 because teachers should have built a certain level of an online community of practice by then. In addition, since assignments 3, 4, and 5 were learner controlled activities, the project team anticipated internally motivated participants with more ideas to share in the Development and Practice assignments than in the Knowledge Construction assignments. However, the first-year teachers participated less in the Development and Practice assignments than they did in the first two assignments. However, a positive finding was that the first-year teachers increased their level of engagement specifically in the Development and Practice assignments from 7.5 to 8.1 messages per teacher in assignments 3 and 4 respectively before reaching 8.6 messages per teacher in assignments 5. The continuing teachers' participation was much higher than the first-year teachers in the Development and Practice assignments, possibly due to their comfort level with the web-based learning support system and their greater appreciation of virtual communication with other professionals. 
B. Content of Interactions
Several common concerns and topics appeared in participants' virtual interactions, regardless of the intended purpose of the assignments or the level of discussion, both in initial and response postings. Figure 5 summarizes the frequency of topics that occurred in participants' interactions.
Figure 5. Content of Interactions
More than 50% of participants' initial messages were devoted to sharing their experiences, and 35% of messages maintained the topic of the initial postings. Sharing experiences remained the most popular response topic (50%) followed by acknowledgement and reflection, and questions/suggestions. Teachers' virtual interactions (online postings) were mostly focused on how to work with certain math concepts, sharing their personal experiences, and asking questions concerning instructional delivery. Specifically, most discussions touched on how to relate math concepts to the real world; how well a specific instructional strategy works; games and websites that could help their students with learning concepts; creative ways to demonstrate concepts to their students; the most effective way to use manipulatives in the classroom; how to allow for more student-centered time in the classroom; the concept of mistakes in math and how they may be turned into mini-lessons; connections between different concepts covered and standards that needed to be addressed; the use of vocabulary as a way to help with math communication; and how to overcome time constraints to allow participants to teach the "why" of math as much as they would like to. Most of these topics were face-to-face workshop agenda items and project goals. Teachers also shared struggles they personally faced with math and how they have used those experiences to help their students. Participants discussed personal connections from their own learning in school and also things they still want to learn in order to ensure students have better experiences than they did. They also discussed the common fear of not knowing how to explain the "why" of math concepts to students, which was the most important disposition advocated by the TACCC program. Participating in a professional development program seemed to help these teachers better understand students' feelings and dispositions.
There was also a great deal of discussion about how important it is for a teacher to be able to continue to learn and make changes in the classroom in small increments to make it both easier and more feasible. Participants started to value a community of practice even more after participating in virtual interactions with other teachers. They expressed how important it is to find time to talk to and work with colleagues.
C. Relationship between the Content of Interactions and Assignment Topics per Discussion Level
Figures 6a and 6b show the relationship between the content of interactions and the assignment topics within the level of discussions for both initial and response postings. Reading Reflection (assignment 1) and Video Critique (assignment 2) were tasks to support teacher construction of knowledge. The Discovery-Based Lesson Plan (LP) (assignments 3, 4, and 5) aimed to enhance teachers' classroom practice.
An average of 25% of teacher interactions consisted of Reflection and 51% consisted of Sharing Experience. Other content areas each made up less than 10% of the total interactions: 9% Acknowledgement, 7% Questions/Suggestions, 3% Simple Agreement, 2% Student Related Issues, and 1% of Guided Advice. The Reading Reflection assignment, assignment 1 did not trigger different discussion foci between initial and response interactions. Sixty-eight percent of interactions were about sharing personal experiences even though teachers were supposed to discuss the reading material and reflect on their practice as compared to the recommended practice. The project team anticipated more interactions would be classified as Reflection and Instruction than other discussion content categories The discussion in response to the Reading Reflection assignment included issues of time constraints; the need to re-teach concepts; knowing how to explain the "why" of concepts; use of math vocabulary; the problem of teaching differently than the way the teacher originally learned concepts; ways to assist colleagues with engaging students in lessons; teaching specific concepts, such as graphing, equations, and the most effective way to use manipulatives; the importance of relating math concepts to real-world experiences; collaborating with other educators; using games, websites, and hands-on activities to teach concepts; and recognizing that all teachers across subject areas can and do struggle with similar issues in the classroom. Assignment 2 involved watching either a 7th or 8th grade algebra class and critiquing the lessonfocusing on the teacher's practice and students' interactions/engagement. In the online environment, the two main areas of focus in initial postings in this assignment were Reflection (67%) and Sharing Experience (21%); participants continued to interact primarily in the areas of Sharing Experience (30%) and Reflection (26%) in follow-up responses in the discussion thread. Even through participants were supposed to criticize and provide feedback about another teacher's instruction, their main focus was not instruction but sharing their own experience and reflecting on their own instruction. These findings do not Figures 6a and 6b show the combined data of assignments 3, 4, and 5, three discovery-based lesson implementations, the purpose being development and contextualized practice. The majority of both initial and response discussion postings were Sharing Experience (60% of initial posts and 48% of responses). If we only look at initial interactions, approximately 30% of messages were classified as Reflection. Sixty-seven percent of discussion posts were classified as Reflection after assignment 3, while teachers spent more time in sharing experiences (over 80%) after teaching their second and third discovery-based lessons (figure 7a). On the other hand, 24% of response postings were Reflection and 24% of response postings were Sharing Experiences following the first discovery-based lesson, while 60% of messages were Sharing Experiences for both the second and third lessons (figure 7b). It is not clear why messages related to the second and third discovery-based lessons were different from the messages for the first one. Possibly, the teachers followed a standardized development process for the first lesson, which ends with reflection. However, for the second and third discovery-based assignments, project participants did not reflect on their lesson as much but shared their ideas and experiences instead.
Teachers shared ideas about how to include more student-led lessons and ways to more easily teach mathematics with the use of relevant connections. One of the teachers mentioned in a discussion post that "it is okay to jump around and cover things in your own way as long as your students are learning. You don't have to follow a specific set of guidelines in one set order to accomplish what is needed." This message reflects that instructors modeled the face-to-face workshop sessions and that the program motivated more discussions about resources and ideas to make math lessons more interactive and interesting.
VI. CONCLUSIONS
This study investigated the effectiveness of a blended professional development program by examining the nature of participants' learning processes in knowledge construction and classroom practice through virtual interactions. Regarding the effectiveness of the virtual interactions, there were some trivial findings and unexpected outcomes that can provide insight for mathematics educators. Most face-to-face discussions centered on the activity or mathematics problems that were presented in class, whereas online discussions focused on reflection and shared experiences from the participants' classrooms. The study suggests that the use of online learning combined with face-to-face meetings is very beneficial. Teachers were able to share actual classroom experience and get feedback from other professionals or share new ideas and available resource possibilities. The teachers in this study had very productive conversations via online discussion postings, in which they were talking about specific classroom events and asking questions to get more information about mathematics and teaching mathematics. These queries were in turn given well-developed responses. The content of online discussions did not vary significantly between the different assignment types and the project focus. Even though TACCC assignments were designed to address Knowledge Construction, Development, and Contextualized Practice, the main focus of virtual interactions was, in all cases, the sharing of personal experiences rather than addressing material learned from the readings and classroom observations. It is important to investigate how different online discussion topics contribute to the teachers' active participation and the content of interactions. However, the content of interactions does not measure the depth of learning. That is, analyzing the content of interactions (the actual learning process) can lead to the assessment of objective achievement in online assignments (expected learning) but cannot measure the depth of learning: surface learning versus deep learning. Ways to connect the purpose and content of interactions with the depth of learning are needed as a follow-up to the content analysis study. Another interesting finding was the difference in the level of participation. First-year teachers contributed more to Knowledge Construction assignments, in which they were asked to reflect on book readings or videotaped best practices, than for the Development and Practice assignments, which required developing and implementing a discovery-based lesson. What teacher educators can learn from this finding is the sequential order of the online professional development program as described in the conceptual framework of the study: gaining knowledge, deepening understanding, and implementing learning. Regarding blended PD programs, this study determined that practitioners need plenty of time to familiarize themselves with the technology. That is, additional structured activities need to be provided for in-service teachers to fully utilize Salmon's [6] first two stages: (1) Access and Motivation and (2) Socialization. Teacher educators should also consider the importance of investigating how different online discussion topics and assignments contribute to their active learning and participation. Professional development programs for mathematics teachers deal with different topics than regular college level (mathematics) courses. Therefore, assignments for knowledge construction and development should aim at linking theory and practice and reflect participants' teaching contexts, their level of subject familiarity, and the needs of the individual teacher/school. Teacher educators should also investigate the different social media tools that other teachers use in the classroom. The level of participation, learning process, and outcomes may be influenced by the types of tasks, project focus, the mode of communication (verbal vs. written), and the type of systemic tools.
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